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(57) ABSTRACT

Systems, methods, and apparatus for increasing durability of
adhesively bonded joints in a sandwich structure. Such sys-
tems, methods, and apparatus includes an first face sheet and
an second face sheet as well as an insert structure, the insert
structure having a first insert face sheet, a second insert face
sheet, and an insert core material. In addition, sandwich core
material is arranged between the first face sheet and the sec-
ond face sheet. A primary bondline may be coupled to the face
sheet(s) and the splice. Further, systems, methods, and appa-
ratus of the present disclosure advantageously reduce the
load, provide a redundant path, reduce structural fatigue,
and/or increase fatigue life.
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METHODS FOR USING DURABLE
ADHESIVELY BONDED JOINTS FOR

SANDWICH STRUCTURES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application claims the benefit of priority to and
is a continuation of U.S. patent application Ser. No. 13/198,
817, filed on Aug. 5, 2011, and issued as U.S. Pat. No. 8,697,
216 on Apr. 15, 2014, which claims the benefit of priority to
U.S. Provisional Patent Application Ser. No. 61/370,853,
filed on Aug. 5, 2010. The contents of the foregoing applica-
tions are hereby incorporated by reference in their entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT

This invention was made in part with Government support.
The Government may have certain rights in this invention.

BACKGROUND

Heavy lift cargo vehicles including aerospace vehicles
such as rocket launch vehicles can be made of composite
materials. Composite technology used in such heavy lift
cargo vehicles may use adhesive bonded joints or mechani-
cally fastened (bolted) configurations to join one or more
composite panels or structures. Adhesively bonded joints are
efficient joining methods for launch vehicle structures com-
pared with mechanically fastened (bolted) configurations.
This efficiency of adhesively bonded j oints is primarily due to
their inherent capability to distribute loads in a fairly uniform
manner along an interface, while the use of bolted joints
introduces stress concentrations and penetrations through the
use of fasteners. Thus, the same general loading is transferred
from one structure to another in a more mass-efficient manner
by a thin layer of adhesive when compared to the discrete bolt
pattern required for the same joint interface. Further, com-
posites are particularly well suited to joining components
through bonding due to their fabrication and processing
methods that allow joints to be an integral part of the cure
process for composite materials. However, adhesive bonded
joints are susceptible to manufacturing defects that result in a
failure between the adhesive and a surface. Such manufactur-
ing defects may significantly decrease the load carrying capa-
bility of the adhesive joint. Hence, in some applications,
mechanical configurations for the joints of composites struc-
tures may be preferred.

BRIEF SUMMARY

Embodiments of the disclosure describe a durable adhe-
sively bonded joint for sandwich and composite structure
panels providing redundant load paths to overcome manufac-
turing defects of the adhesive layer to a surface. Thus, such a
joint may be called a durable redundant joint (DRJ). A pre-
form insert may be used to enable the joint to have one or
more redundant load paths. Further, the sandwich structure
panels may, in some preferred instances, be of a curved or
sandwich architecture.

Further embodiments of the present disclosure include an
apparatus for increasing durability of adhesively bonded
joints in a sandwich structure. The apparatus may include a
first face sheet and a second face sheet as well as an insert
structure having a first insert face sheet, a second insert face
sheet, and an insert core material. The apparatus may further

N
include sandwich core material that is arranged between the
first face sheet and the second face sheet. In addition, the
insert core material may have a recessed area capable of
holding a portion of the insert structure. The first face sheet

5 maybe coupledto afirst splicebya firstprimary bondline and
the first face sheet may be coupled to the first insert face sheet
by a first redundant bondline. Alternatively, the second face
sheet may be coupled to a second splice by a second primary
bondline and the second face sheet may be coupled to the

io second insert face sheet by a second redundant bondline. The
first redundant bondline may reduce a load on the first pri-
mary bondline and the second redundant bondline may
reduce a load on the second primary bondline.

Instead of incorporating one-insert structures to the appa-
15 ratus, the apparatus may incorporate one or more insert struc-

tures, each of which is coupled and substantially perpendicu-
lar to both the .first insert face sheet and the second insert face
sheet. The apparatus further includes an adhesive fillet
included in the first primary bondline, the first redundant

20 bondline, the first redundant bondline, and the first primary
bondline.

Further, the exemplary apparatus may include the first
redundant bondline providing a redundant load path for the
load in the first face sheet. Further, the apparatus may include

25 the second redundant bondline provides a redundant load
path for the load in the second face sheet. In addition, a first
redundant bondline is capable of reducing structural fatigue
of the first splice of the joint by redistributing the load on the
first primary bondline to the first redundant bondline and the

30 insert structure. Also, the second redundant bondline is
capable of reducing structural fatigue of the second splice of
joint by redistributing the load on the second primary bond-
line to the second redundant bondline and the insert structure.

Additional embodiments of the present disclosure may
35 include a system for increasing durability of adhesively

bonded joints in a sandwich structure. Such a system may
include one or more sandwich structures each sandwich
structure having a first face sheet and a second face sheet as
well as an insert structure. The insert structure having a first

40 insert face sheet, a second insert face sheet, and an insert core
material. Further, the system may include sandwich core
material arranged between the first face sheet and the second
face sheet, the core having a recessed area capable of holding
a portion of the insert structure. The first face sheet may be

45 coupledto a first splice by a first primary bondline andthe first
face sheet may be coupled to the first insert face sheet by a first
redundant bondline. In addition, the second face sheet may be
coupled to a second splice by a second primary bondline and
the second face sheet may be coupled to the second insert face

50 sheet by a second redundant bondline, The first redundant
bondline reduces load on the first primary bondline and the
second redundant bondline reduces a load on the second
primary bondline.

Further, the system may include one or more insert struc-
55 tures, each coupled and substantially perpendicular to both

the first insert face sheet and the second insert face sheet.
Also, an adhesive fillet may be included in the first primary
bondline, the first redundant bondline, the second redundant
bondline, and the second primary bondline. The first redun-

6o dant bondline provides a redundant load path for the load on
the first primary bondline and the second redundant bondline
provides a redundant load path for the load on the second
primary bondline. In addition, first redundant bondline is
capable of reducing structural fatigue of the joint by redis-

65 tributing the load from the first splice to first face sheet of
insert and the insert structure. Comparatively, the second
redundant bondline is capable of reducing structural fatigue
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of the joint by redistributing the load on the second primary
bondline to second redundant bondline and the insert struc-
ture.
The joint in such an exemplary system may be a coupling

of a first sandwich structure to a second structure such that a
first portion of the insert structure is surrounded by a first
sandwich core material of the first sandwich structure and a
second portion of the insert structure is surrounded by a
second material of the second sandwich structure. Persons of
ordinary skill in the art would understand that there may be
various geometries of the one or more sandwich structures
used in the different embodiment of the present disclosure
such as curved sandwich structures and flat sandwich struc-
ture.

Other embodiments of the present disclosure may include
a method for increasing durability of adhesively bonded
joints in a sandwich structure that includes providing a first
face sheet and a second face sheet, a first splice and a second
splice, a sandwich core material and a first insert face sheet
and a second insert face sheet and an insert core material. A
further step may be arranging the sandwich core material
between the first face sheet and the second face sheet. Addi-
tional steps may include coupling the first splice to the first
face sheet using a first primary bondline as well as coupling
the second splice to the second face sheet using a second
primary bondline. Another set of steps may include arranging
the insert core material between the first insert face sheet and
the second insert face sheet. A further step may be coupling
the first face sheet to the first insert face sheet using a first
redundant bondline as well as coupling the second face sheet
to the second insert face sheet using a second redundant
bondline. An additional step may be reducing load on a pri-
mary bondline using a redundant bondline.

Another step in the exemplary method may include pro-
viding a redundant load path for the load on the primary
bondline of one or more sandwich structures using the redun-
dant bondline. A further step in such a method may be reduc-
ing structural fatigue of the joint by redistributing the load on
the primary bondline to redundant bondline and the insert
structure.
The foregoing summary is illustrative only and is not

intended to be in any way limiting. In addition to the illustra-
tive aspects, embodiments, and features described above, fur-
ther aspects, embodiments, and features will become appar-
ent by reference to the drawings and the following detailed
description

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute part of this specification, illustrate embodi-
ments of the invention and together with the description serve
to explain the principles of the present disclosure. The
embodiments illustrated herein are presently preferred, it
being understood, however, that the invention is not limited to
the precise arrangements and instrumentalities shown,
wherein:
FIG. 1 is an exemplary vehicle that may incorporate com-

posite sandwich structures according to aspects of the present
disclosure;
FIG. 2 is an exemplary block diagram of a durable redun-

dant joint for joining composite sandwich structure according
to aspects of the present disclosure;

FIG. 3 is another exemplary block diagram of a composite
sandwich structure according to aspects of the present disclo-
sure;

4
FIG. 4A and FIG. 4B are exemplary function block dia-

grams that illustrate an exemplary durable adhesive joint in
accordance with aspects of the present disclosure;
FIG. 5A is a block diagram illustrating an exemplary

5 durable redundant joint provide a redundant load path to
overcome manufacturing defects with an adhesive layer of the
joint;

FIG. 5B is a block diagram illustrating an exemplary
durable adhesive joint provide a redundant load path to

10 delamination of a splice of the joint;
FIG. 5C is a block diagram illustrating an exemplary

durable adhesive joint reducing structural fatigue;
FIG. 6 is an exemplary flowchart showing an example

method in accordance with aspects of the present disclosure.
15

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which for a part hereof. In the

20 drawings, similar symbols typically identify similar compo-
nents, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings,
and claims are not meant to be limiting. Other embodiments
may be utilized, and other changes may be made, without

25 departing from the spirit or scope of the subject matter pre-
sented herein. It will be readily understood that the aspects of
the present disclosure, as generally described herein, and
illustrated in the Figures, can be arranged, substituted, com-
bined, separated, and designed in a wide variety of difference

so configurations, all of which are explicitly contemplated
herein. Further, in the following description, numerous
details are set forth to further describe and explain one or
more embodiments. These details include system configura-
tions, block module diagrams, flowcharts (including transac-

35 tion diagrams), and accompanying written description. While
these details are helpful to explain one or more embodiments
of the disclosure, those skilled in the art will understand that
these specific details are not required in order to practice the
embodiments.

40 Next generation heavy lift cargo vehicles for air and space
travel can be designed to be constructed with composite sand-
wich structures. The external sides of such vehicles may be
comprised of curved or flat panel composite sandwich struc-
tures. Conventional techniques to join such panels include a

45 conventional splice joint (CSJ) that may incorporate
mechanical (bolted) configurations as well as adhesive joints.
Although adhesive joints may provide greater structural effi-
ciency, clue to undetectable manufacturing defects in adhe-
sive j oints that may not be able to carry specified loads as well

5o as conventional splice joints.
Next generation of heavy lift vehicles may include Orion,

Ares and Ares V vehicles that deliver large-scale hardware
and ferry supplies to the International Space Station. Future
application of such vehicles may include missions to the

55 moon and Mars, which may require the vehicles to transport
lunar landing or other terrestrial vehicles. Thus, such vehicles
may be comprised of composite, sandwich structures that
may have either curved or flat panel geometry. Such panels
may have a need to be joined using efficient, durable joints

60 that includes structural efficiency and reliability.
FIG. 1 is an exemplary vehicle 100 that may incorporate

composite sandwich structures according to aspects of the
present disclosure. The exemplary vehicle 100 shown in FIG.
1 is an Ares V rocket 100 and includes several components

65 such as a payload shroud 102, lunar lander 104, payload
adapter 106, loiter skirt 108, interstage 110, and core stage
114. The payload adapter 106, loiter skirt 108 and interstage
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110 are some of the components that comprise the Earth
Departure Stage (EDS) 112. Further, the EDS 112 may
include Saturn-derived 7-2X LOX/LH2 engines as well as
aluminum-lithium tanks and the primary Ares V avionics
system, The EDS 112 maybe 10 min diameter. The core stage
114 may include six Delta IV-derived RS-68B LOX/LH2
engines 116 as well as aluminum-lithium tanks. In addition,
the core stage 114 has two recoverable 5.5 segments, PBAN
fueled, steel encased solid rocket boosters. The payload
shroud 102 may be of biconic or ogive design.
The interstage component 110 of the Ares V rocket vehicle

100 may be comprised of curved composite, sandwich struc-
tures for its outer panels. Such curved composite, sandwich
structures have a need to be joined to construct the interstage
component of the Ares V rocket vehicle 100. However, the
Instrument Unit of the payload shroud 102 and the EDS 112
as well as parts of the core stage 114 may also be comprised
of composite sandwich structures that may have a need to be
joined together.

Manufacturing of large-diameter structures having uni-
form curvature, applicable to the Ares V payload shroud 102,
EDS 112 including the interstage 110 and the core stage 114,
may require that the stack element, be composed of a number
of uniformly-curved sectors, joined longitudinally. One
approach would be to strap the panel sectors together using
splice plates to form a conventional splice joint (CS7). Such
an approach would likely incorporate mechanical fasteners to
share the load due to the concerns for catastrophic, failure
associated with secondary-bonding of primary structures.
However, a durable redundant joint (DRJ) as described in the
present disclosure may also be used to join the curved, com-
posite, sandwich structures.

FIG. 2 is an exemplary block diagram 200 of an example
durable redundant joint for joining composite, sandwich
structure according to aspects of the present disclosure. Gen-
erally, the example DR7 depicted in FIG. 2 reduces the load
on each primary bondline by introducing an additional bond-
line. Specifically, a composite, sandwich structure may incor-
porate a sandwich core material 222 in between a first face
sheet 206 and a second face sheet 216. In some embodiments,
the sandwich core material 222 may be an aluminum honey-
comb core structure. Further, the first face sheet 206 and a
second face sheet 216 may be of solid laminate material. The
durable redundant joint may comprise an insert structure 230
that may be constructed in I-beam geometry in an embodi-
ment. The insert structure 230 may also have an insert core
material 212 in between a first insert face sheet 210 and a
second insert face sheet 232. The insert core material 212 may
be of a dense foam material.

Further embodiments may be that all thicknesses of the
insert face sheets (210 and 232) are identical in material (e.g.
solid laminate), and are equal in thickness to the face-sheets
(206 and 216) which make up the sandwich panels. In addi-
tion, the joint 200 may include a first splice plate 202 and a
second splice plate 220. The splice plates may also share
some of the same dimensions (e.g. thickness) as the panel and
insert face sheets. Also, the joint 200 may have several bond-
lines that includes a first primary bondline 204, a second
primary bondline 218, a first redundant bondline 208 and a
second redundant bondline 214. All bondline thicknesses
may be equal. Fillets of adhesive material, called spew-fillets,
may also be introduced at each bondline.
FIG. 3 is another exemplary block diagram 300 of a com-

posite sandwich structure according to aspects of the present
disclosure. Further, FIG. 3 shows different perspectives of a
cylindrical casing (315 and 330) of a heavy lift cargo vehicle
such as an Ares V rocket. The cylindrical casing may be

T
comprised of three curved, composite, sandwich structure
(320a, 320b, and 320c) attached to each other using three
joints 310.

FIG. 4A and FIG. 4B are exemplary function block dia-
5 grams that illustrate an exemplary durable adhesive joint in

accordance with aspects of the present disclosure. Referring
to FIG. 4A, two curved, composite, sandwichpanels (405 and
425) are being joined each curved panel (405 and 425) has a
recessed area (410 and 420) to couple with an insert structure

io 415 as described in the present disclosure.
Referring to FIG. 413, the curved, panels (405 and 425) may

be brought together during the joining process to enclose the
insert structure 415. The joining process may create a durable
redundant joint 455 using the insert structure. Further, during

15 the joining process an adhesive fillet may be Introduced to
create or generate one or more primary bondlines and/or one
or more redundant bondlines.
FIG. 5A is a block diagram illustrating an exemplary

durable redundant j oint 500 providing a redundant load path,
20 to overcome manufacturing defects 515 within an adhesive

layer of the j oint. Further, FIG. 5A shows a partial illustration
of a durable redundant, joint that includes a splice or splice
plate 505, a primary bondline 510, and a redundant bondline
512. Further, the DR7 may include a face sheet 520 of the

25 sandwich structure as well as the sandwich core material
(540a and 540b) which may include an aluminum honey-
comb core in some embodiments. In addition, the DR7 may
Include a preform insert structure that has an insert face sheet
530 and insert core material 535 which may be made of a

so dense foam material in some embodiments.
The failure traditional adhesively bonded joints is usually

not a cohesive failure within the adhesive itself, but rather a
failure at the surface between one of the elements (e.g. face
sheet) and the adhesive itself as shown in FIG. 5. This is a

35 manufacturing-induced phenomenon where, in some cases,
understood mechanisms such as gaps or vacancies in the
adhesive of the bondline act to severely discount the load-
bearing capacity of joint. Considering that adhesively bonded
joint configurations tend to lack redundancy, confidence in

4o bond integrity had remained an issue.
However, aspects of the present disclosure overcome such

manufacturing defects by incorporating a redundant bondline
512 as well as an insert perform (530 and 535) to reduce the
load carried by the primary bondline. Another view of the

45 DR7 is that the redundant bondline 512 as well as an insert
preform (530 and 535) provides a redundant path to carry the
load.
FIG. 5B is a block diagram illustrating an exemplary

durable redundant joint 500 providing a redundant load path
50 to delamination of a splice of the joint. FIG. 5B shows the

splice 505 delaminating from the primary bondline 510. Such
delamination maybe caused by a foreign object impacting the
joint at a critical angle thereby causing the deformity of the
joint. Other ways delamination may occur includes repeated

55 stress or impact on the joint. After such delamination, tradi-
tion adhesive joints would not be able to carry a specific load.
However, due to the redundant bondline 512 and the insert
preform that includes the insert face sheet 530 and the insert
core material 535, the joint is capable of providing a redun-

6o dant path to carry the specified load.
FIG. 5C is a block diagram illustrating an exemplary

durable redundant joint 500 reducing structural fatigue.
Structural fatigue may be characterized as the progressive and
localized structural damage that occurs when the joint is

65 subject to repeated loading and unloading. If one of the
repeated loads is above a certain threshold, then deformities
in the joint may arise. Further, If additional loads are above
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such a threshold, then the existing deformities may increase
in number and size. Such repeating loading and unloading
resulting in deformities may cause the j oint to fail. Fatigue life
may be characterized as the number of stresses or loads the
joint may be able to sustain before the joint fails to carry a
specified load.

In addition, FIG. 5C shows one cycle of repeating loading
as a foreign object 550 may impact the DR7 at the splice plate
505. In a traditional adhesive joint, the foreign object may
deform the splice 505. Further, the impact may cause defor-
mities in theprimary bondline. Repeated stress or impact may
increase the level of intensity and number of deformities such
that the specified load cannot be carried by the traditional
joint. However, aspects of the present disclosure describe a
durable redundant joint that provides a redundant load for a
specified load carried by the DR7. The redundant load path is
enabled by the redundant bondline 512, the insert face sheet
530, and the insert core material 535. With such a redundant
load path, the fatigue life of the DR7 is longer than traditional
or conventional joints. That is, the DR7 is capable of sustain-
ing more impact or stress cycles than traditional or convention
joints.

FIG. 6 is an exemplary flowchart 600 showing an example
method in accordance with aspects of the present disclosure.
A person of ordinary skill in the art may understand that all
the steps of the example method (610, 620, and 630) may be
implemented or performed. The present disclosure describes
that embodiments may implement or perform one or more of
the steps of the example method. A durable redundant joint
may reduce the load on the primary bondline of the joint, as
shown in block 610. For example, a primary bondline may be
coupled via an adhesive to a j oint face sheet and a splice plate
and is capable of carrying a specified load. Further, the DR7
provides an insert perform that includes an insert core mate-
rial and insert face sheet such that a redundant bondline may
coupled to the insert face sheet and the joint face sheet. The
redundant bondline as well as the insert including the insert
face sheet and the insert core material may reduce the load on
the primary bondline.
The example method may include a step of providing a first

face sheet and a second face sheet, a first splice and a second
splice, a sandwich core material and a first insert face sheet
and a second insert face sheet and an insert core material, as
shown in block 640. A further step may be arranging the
sandwich core material between the first face sheet and the
second face sheet, as shown in block 650. Additional steps
may include coupling the first splice to the first face sheet
using a first primary bondline as well as coupling the second
splice to the second face sheet using a second primary bond-
line, as shown in block 660. Another step may include arrang-
ing the insert core material between the first insert face sheet
and the second insert face sheet, as shown in block 670. A
further step may be coupling the first face sheet to the first
insert face sheet using a first redundant bondline as well as
coupling the second face sheet to the second insert face sheet
using a second redundant bondline, as shown in block 680. An
additional step may be reducing load on a primary bondline
using a redundant bondline.
A further step in the example method may be providing a

redundant path for the load carried by the primary bondline.
For example, the primary bondline may be coupled via an
adhesive to a splice or splice plate. In traditional adhesive
joints, an impact or stress may delaminate the splice plate
such that the primary bondline may not be capable to carry a
specified load. In such an embodiment, the redundant bond
line, as well as the insert (including the insert face sheet and
the insert core material), provide a redundant path for the load

8
to be carried. In some embodiments, repeated stress or impact
may increase the level of intensity and number of deformities
such that the specified load cannot be carried by the tradi-
tional joint.

5 An additional step in the example method may be reducing
structural fatigue of the joint, as shown in block 630. That is,
increasing the fatigue life of the joint may occur due to the
redundant path to carry the load enabled by the redundant
bondline, insert, insert face sheet, and insert core material.

10 Note that the functional blocks, methods, devices, and
systems described in the present disclosure may be integrated
or divided into different combination of systems, devices, and
functional blocks as would be known to those skilled in the
art.

15 In general, it should be understood that the circuits
described herein may be implemented in hardware using
integrated circuit development technologies, or yet via some
other methods, or the combination of hardware and software
objects that could be ordered, parameterized, and connected

20 in a software environment to implement different functions
described herein. For example, the present application may be
implemented using a general purpose or dedicated processor
running a software application through volatile or non-vola-
tile memory. Also, the hardware objects could communicate

25 using electrical signals, with states of the signals representing
different data.

It should be further understood that this and other arrange-
ments described herein are for purposes of example only. As
such, those skilled in the art will appreciate that other arrange-

30 ments and other elements (e.g. machines, interfaces, func-
tions, orders, and groupings of functions, etc.) can be used
instead, and some elements may be omitted altogether
according to the desired results. Further, many of the ele-
ments that are described are functional entities that may be

35 implemented as discrete or distributed components or in con-
junction with other components, in any suitable combination
and location.
The present disclosure is not to be limited in terms of the

particular embodiments described in this application, which
4o are intended as illustrations of various aspects. Many modi-

fications and variations can be made without departing from
its spirit and scope, as will be apparent to those skilled in the
art. Functionally equivalent methods and apparatuses within
the scope of the disclosure, in addition to those enumerated

45 herein, will be apparent to those skilled in the art from the
foregoing descriptions. Such modifications and variations are
intended to fall within the scope of the appended claims. The
present disclosure is to be limited only by the terms of the
appended claims, along with the full scope of equivalents to

50 which such claims are entitled. It is to be understood that this
disclosure is not limited to particular methods, reagents, com-
pounds compositions, or biological systems, which can, of
course, vary. It is also to be understood that the terminology
used herein is for the purpose of describing particular

55 embodiments only, and is not intended to be limiting.
With respect to the use of substantially any plural and/or

singular terms herein, those having skill in the art can trans-
late from the plural to the singular and/or from the singular to
the plural as is appropriate to the context and/or application.

6o The various singular/plural permutations may be expressly
set forth herein for sake of clarity.

It will be understood by those within the art that, in general,
terms used herein, and especially in the appended claims
(e.g., bodies of the appended claims) are generally intended

65 as "open" terms (e.g., the term "including" should be inter-
preted as "including but not limited to," the term "having"
should be interpreted as "having at least," the term "includes"
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should be interpreted as "includes but is not limited to," etc.).
It will be further understood by those within the art that if a
specific number of an introduced claim recitation is intended,
such an intent will be explicitly recited in the claim, and in the
absence of such recitation no such intent is present. For 5

example, as an aid to understanding, the following appended
claims may contain usage of the introductory phrases "at least
one" and "one or more" to introduce claim recitations. How-
ever, the use of such phrases should not be construed to imply
that the introduction of a claim recitation by the indefinite io
articles "a" or "an" limits any particular claim containing
such introduced claim recitation to embodiments containing
only one such recitation, even when the same claim includes
the introductory phrases "one or more" or "at least one" and
indefinite articles such as "a" or "an" (e.g., "a" and/or "an" 15
should be interpreted to mean "at least one" or "one or
more"); the same holds true for the use of definite articles
used to introduce claim recitations. In addition, even if a
specific number of an introduced claim recitation is explicitly
recited, those skilled in the art will recognize that such reci- 20
tation should be interpreted to mean at last the recited number
(e.g., the bare recitation of "two recitations," without other
modifiers, means at least two recitations, or two or more
recitations). Furthermore, in those instances where a conven-
tion analogous to "at least one of A, B, and C, etc," is used, in 25
general such a construction is intended in the sense one hav-
ing skill in the art would understand the convention (e.g., "a
system having at least one of A, B, and C" would include but
not be limited to systems that have  alone, B alone, C alone,
A and B together, A and C together, B and C together, and/or 30
A, B, and C together, etc.). In those instances where a con-
vention analogous to "at least one of A, B, or C, etc," is used,
in general such a construction is intended in the sense one
having skill in the art would understand the convention (e.g.,
"a system having at least one ofA, B, or C" would include but 35
not be limited to systems that have  alone, B alone, C alone,
A and B together, A and C together, B and G together, and/or
A, B, and C together, etc.). It will be further understood by
those within the art that virtually any disjunctive word and/or
phrase presenting two or more alternative terms, whether in 40
the description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms,
either of the terms, or both terms. For example, the phrase A
or B" will be understood to include the possibilities of "A" or
"B" or ̀ A and B." 45

In addition, where features or aspects of the disclosure are
described in terms of Markush groups, those skilled in the art
will recognize that the disclosure is also thereby described in
terms of any individual member or subgroup of members of
the Markush group. 50

As will be understood by one skilled in the art, for any and
ail purposes, such as in terms of providing a written descrip-
tion, all ranges disclosed herein also encompass any and all
possible subranges and combinations of subranges thereof.
Any listed range can be easily recognized as sufficiently 55
describing and enabling the same range being broken clown
into at least equal halves, thirds, quarters, fifths, tenths, etc. As
a non-limiting example, each range discussed herein can be
readily broken down into a lower third, middle third and

10
upper third, etc. As will also be understood by one skilled in
the art all language such as "up to," "at least," "greater than,"
"less than," and the like include the number recited and refer
to ranges which can be subsequently broken down into sub-
ranges as discussed above. Finally, as will be understood by
one skilled in the art, a range includes each individual mem-
ber. Thus, for example, a group having 1-3 cells refers to
groups having 1, 2, or 3 cells. Similarly, a group having 1-5
cells refers to groups having 1, 2,3,4, or 5 cells, and so forth.

While various aspects and embodiments have been dis-
closed herein, other aspects and embodiments will be appar-
ent to those skilled in the art. The various aspects and embodi-
ments disclosed herein are for purposes of illustration and are
not intended to be limiting, with the true scope and spirit
being indicated by the following claims.

What is claimed is:
1. A method for increasing durability of adhesively bonded

joints in a sandwich structure, the method comprising:
providing a first face sheet, a second face sheet, and a

sandwich core material arranged between the first face
sheet and the second face sheet;

providing a first splice and a second splice;
providing an insert structure having a first insert face sheet,

a second insert face sheet, and an insert core material
arranged between the first insert face sheet and the sec-
ond insert face sheet, wherein the sandwich core mate-
rial has a recessed area configured to hold at least a
portion of the insert structure;

coupling the first splice to the first face sheet using a first
primary bondline;

coupling the second splice to the second face sheet using a
second primary bondline;

coupling the first face sheet to the first insert face sheet
using a first redundant bondline;

coupling the second face sheet to the second insert face
sheet using a second redundant bondline; and

reducing a load on the first primary bondline by the first
redundant bondline and a load on the second primary
bondline by the second redundant bondline.

2. The method of claim 1, further comprising providing one
or more additional insert structures, and coupling each such
additional insert structure substantially perpendicular to both
the first insert face sheet and the second insert face sheet.

3. The method of claim 1, further comprising introducing
an adhesive fillet in one or more of the first primary bondline,
the first redundant bondline, the second redundant bondline,
and the second primary bondline.

4. The method of claim 1, further comprising providing a
redundant load path for the load on one or both of the primary
bondlines by using one or both of the redundant bondlines.

5. The method of claim 4, further comprising reducing
structural fatigue of the joint by redistributing the load on one
or both of the primary bondlines to one of both of the redun-
dant bondlines and the insert structure.

6. The method of claim 4, wherein one or both of the
primary bondlines is coupled via an adhesive to one orboth of
the splices.
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